INTRODUCTION

Table 1. Coordinates for ground water monitoring wells in the Hoseanna Creek basin.
Monitoring wells are purged using a stainless steel bladder pump (Well Wizard, QED Inc., Ann Arbor, Michigan) to a point where temperature, conductivity and pH stabilize, and when not less than three casing volumes have been pumped. As outlined in the results section, there have been some minor deviations from this methodology.
Analytical parameters which are measured in the field include depth to water, temperature, conductivity, pH, and alkalinity. Analytical methods for all parameters are listed in Table 2 . After purging, a composite sample is collected in a churn splitter, then divided into appropriate bottles for laboratory analysis. Samples for final field parameters are taken from the chum splitter as well. Four bottles are filled for laboratory analysis: l)filtered, for determining dissolved major anions; 2) filtered and acidified, for determining trace metals and major cations; 3) non-filtered and acidified, for determining total metal concentrations, and 4) non-filtered and non-acidified for determining solids.
Filtering is accomplished using 0.45 micron disposable filters; acidification is carried out using ultra-pure nitric acid (J.T. Baker Ultrex) to a pH<2 where specified. Samples are kept cool (<4'C) during shipment to the laboratory. 
Surface Water
Surface water velocities were measured at six-tenths depth, with sufficient number of cross sections such that no one section contained over ten percent of the total flow. If the depth was greater than 2.5 feet, measurements were made at two-tenths and eight-tenths depth. The average of the two readings was interpreted as the mean velocity. Discharge values are calculated using the standard midpoint method (U.S. Dept. Of Interior, 198 1).
At Two Bull North and Two Bull South, discharge was measured using the bucket method (Wilbur, 1995) because of low velocities and shallow depths. This method involves the fabrication of a earthen dam and placement of a short length of 4" PVC pipe into which the flow is diverted. Once the stream and pipe reach equilibrium, a calibrated bucket is placed so as to collect the water during a known period of time, from which discharge is calculated. Water quality samples were collected from surface waters using a hand held depth integrated sampler, compositing the cross sectional samples into a churn splitter. Analytical procedures carried out in the field include discharge, temperature, dissolved oxygen, pH, conductivity, alkalinity, and settleable solids.
Methods for sample treatment and preservation are similar to those collected from ground water.
Water Quality
Prior to the 1996 sampling, analytical procedures not completed in the field were carried out at the Division of Mining and Water Management's Water Quality Laboratory, located on the University of Alaska campus in Fairbanks, Alaska. The laboratory has participated in U.S. Environmental Protection Agency performance evaluation studies and utilizes standard calibration solutions which are NIST certified. Beginning with the 1996 sampling effort, laboratory analyses were completed by Northern Testing Laboratories, Inc., of Fairbanks Alaska. Quality control and quality assurance procedures include those outlined in APHA (1992), USEPA (1983), and USDOI (1977) .
RESULTS
Ground Water
There have been some modifications to the ground water wells since this monitoring series began in 1988. Wells GAMW-3, GAMW-4, and GAMW-5 were initially installed by Golder Associates (1987) . Due to subsurface movement however, the casings of wells GAMW-3 and GAMW-5 had become pinched over time. This pinching allowed only very narrow tubing to pass through GAMW-3, while GAMW-5 has become completely pinched closed. GAMW-3 has been sampled using the hand-pump method for the years 1992 through 1994. This utilizes a check valve at the bottom of a length of tubing, which is moved up and down to draw water from the well. Well GAMW-5 was not sampled in 1993 and 1994 due to the pinched casing. The two sites were subsequently re-drilled in May 1995 by Tester Drilling (UCM, 1995) in close proximity to the old wells and with specifications designed to replicate the original installations. Unfortunately, sampling during the 1995 series was slowed because the 'new' well GAMW-5 has become pinched beginning at approximately 30 feet below the top of casing. Although the casing was constricted to a diameter of less than one inch, the well was purged successfully as outlined in Table 3 , using a 314" Teflon bailer. Conductivity had barely stabilized at the time of sampling and the main impetus to sample was the number of full bailers retrieved from the well while trying to keep from stirring up sediments in the bottom of the well casing. This well has exhibited low hydraulic conductivity in the past, as the purging was normally carried out over the course of a full 24 hour period using the bladder pump method. Had purging been continued, sediments would have made the bailer mechanism inoperative hindering any more sampling for a long period of time until they could settle out of solution. Given the circumstances, it was concluded that a satisfactory sample had been collected. Well GAMW-5 was spot-checked on 27 August 1996 for a depth to water measurement, during a visit to the area. This was carried out because of the uncertain nature of the well, and to facilitate planning for the sampling event scheduled
for the following month. The depth to water at that time (1 3 :37 on 27 Aug 1997) was 82.45' from top of casing (TOC). Unfortunately, during the three week span until the scheduled sampling time, the well had become completely pinched closed, rendering it unavailable for obtaining a water sample. However, well GAMW-3 was successfully purged and sampled during 1996 using a Teflon bailer.
Surface and subsurface movement was evident in the vicinity of well 9 1 GA-3 (Golder ' All measurements are from top of PVC casing.
Purged and sampled using peristaltic pump. Purged and sampled using hand-pump method. constituents visually. Obviously no statistically valid increasing or decreasing trend is clear in these data. Variation could be attributed to any number of circumstances as will be discussed below in the surface water geochemistry discussion.
Surface Water
Hoseanna Creek is the main receiving water for many small creeks in the basin. As such, the water quality reflects the composite chemistry of numerous smaller sub-basins. The results of sampling in 1995 and 1996, as well as historic data, can be found in Appendix
A. As stated in Ray (1993) minor variations in long term trends are difficult to follow with a single annual sampling schedule. Results can be dominated by the water regime for that particular season, month, week, or day when sampling is carried out.
Precipitation in one or more sub-basins can affect the surface water quality in Hoseanna Creek significantly, depending on the geology and geochemistry of the particular subbasin receiving precipitation. This implies that a greater standard deviation would be expected over the long term for any given parameter. Although as seen in Figure 4 , results of the 1996 sampling do not differ considerably with the historic average values for these parameters. The relationship of major ions to each other has remained fairly consistent as outlined in Table 4 . However, a slight trend is noticed in some major ions sampled at Bridge 1 as seen in Figure (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) . All values in m~/ l unless otherwise noted. Figure 5 . Long term trends of some major constituents at Bridge 1 on Hoseanna Creek.
Bridge 3 seems to mirror that at Bridge 1 (Figure 6 ), as do chloride values. This indicates that the increase is not necessarily being caused by the mining activities in the lower portion of the valley, but possibly from precipitation, the increased weathering of materials (Collier et al., 1964) , or from the gradual melting of permafrost which is prevalent in the basin (Wilbur, 1995) , or other causes. It has been noted at another study site in Interior Alaska, that a disturbed area comprising 5% of the total basin area contributed 35% of the nutrients in basin-wide runoff (Kane, 1996) . This illustrates the magnitude of effect that a small anomaly can have. One potential source of sulfate is 
